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Introduction: Mixed mode rad hard avionics Sys- 
tems on a Chip (SoC)designed for deep space applica- 
tions such as  Europa orbiters and Europa Landers will 
require data isolation circuits to block noise. This pa- 
per presents the simulation performance for a novel 
rad hard SO1 CMOS compatible thermal transducer 
used for on-chip data isolation in SoC. The research 
presented involves the use of commercially available 
CAD tools to model the transient electrothermal be- 
havior of the transducer. Both one- and two- 
dimensional analyses of a prototype thermal transducer 
were performed. Results indicate that thermal-based 
data isolator technology can pass a data bit in under a 
microsecond and,  as a measurement of feasibility 12C 
bus specifications can be met. 

Definitions of Systems-on-a-Chip (SoC) vary from 
chips containing primarily complex digital circuitry to 
those comprised of mixed-signal and even mixed- 
technology subsystems. This latter definition includes 
a n a l o a  circuitry and MEMs devices. An important 
requirement of these mixed-signal or mixed- 
technology SoCs is on-chip electrical isolation. Isola- 
tion improves the noise performance of the overall 
system by reducing the  coupling between the various 
technologies ( e g ,  power supply coupling). 

SO1 CMOS compatible solutions are an easy choice 
for low power SoC design, especially in avionics. Due 
to  the properties associated with SO1 technology, it 
performs much better in a radiation filled environment 
compared with bulk CMOS technology. Bulk proc- 
esses are prone to single-event latchup (SEL), single- 
event upset (SEU), and other effects caused by particle 
bombardment. SO1 technology is immune to  SEL and 
has proven to  be ten times less sensitive to SEU than 
bulk technology. Furthermore, SO1 technology offers 
superior temperature performance over bulk, including 
functionality up  to 800K [ 11. 

With the goal being the high level integration of  the 
aforementioned subsystems onto a single chip, obvi- 
ously it becomes necessary to have a reliable form of 
on-chip electrical isolation to avoid noise propagation 
between different subsystems. One  of  the major hur- 
dles in current SoC design is  the ability to place induc- 
tors and transformers on-chip [2]. Usually, on-chip 
transformers take up a lot of space, on the order  of 
50,000 pm2, and the  circuits used to drive them con- 
sume a considerable amount of power. 

One novel solution to a reliable source  of  data iso- 
lation is  the use an electrothermal based data isolator. 
The advantage of using thermal media,  as opposed to 
magnetic, as a means of isolation is the availability of 
on-chip devices that are able to transmit and receive 
thermal signals. Also, thermal based transducers are 
significantly smaller than their magnetic counterparts, 
usually around 1,600 pm2 per transducer. 
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Figure 1 .  Cross  Sectional  View of Transducer 

Figure 2. Top  View of Transducer 
Figure 1 and Figure 2 show a prototype thermal 

transducer structure that  was fabricated in a 0.8 pm 
SO1 CMOS compatible process. Figure 1 shows a 
cross sectional view of  the transducer, where the solid 
white areas  are silicon, the gray area  is a poly-silicon 
resistor, the black area is the aluminum thermal lens, 
and the dotted area is silicon dioxide. The diode ther- 
mal detector is also illustrated. 

Figure 2 is a top view of the  transducer with the re- 
sistor input on the left and the  diode output on the 
right. The thermal lens is outlined in solid black. 

In the prototype structures, a poly-silicon resistor is 
used as a heater to produce a thermal signal from an 
incident electrical signal. The thermal lens is responsi- 
ble for gathering the thermal signal and directing it 
toward the diode thermal detector. The electrically 
biased diode reproduces an electrical signal at  the out- 
put as  the temperature changes. 
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